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BACKGRgjNn OF THR TNiTOfPT'TT 
The present invention relates to a spark plug for internal 
combustion engines. 

SUMMARY OF THE TNVRTfTTnf^ 
In recent years, there is an increasing demand for a highly 
durable spark plug for internal ccxnbustion engines as the engines 
bec«ne higher in efficiency. Under these circumstances, the 
durability of the ground electrode is one of the most iiiportant 
problems to be solved. There are two problems with respect to 
the durability required for the ground electrode. One problem 
is concerned with the resistance to electrode consurrption due to 
spark discharge. Another problem is concerned with the str^gth. 
Namely, there is a problem that transmission of engine vibrations 
to the ground electrode may possibly cause a crack at the welded 
portion between the ground electrode and the metallic shell and 
the progress of the crack may cause the ground electrxxie to be 
broken. 

With reference to Figs. lOA-lOC and ILA-llC, the structure 
of the ground electrode will be described. 

As shown in Fig. llA, a welded portion 16c of a ground 
electrode 16 connected to a front end face 37 of a metallic shell 
30 is generally rectangular in cross section and has the maximum 
width LI and the maxlinum thickness tl. As shown in Fig. lOB, 
assuming that M denotes the naninal diameter of an externally 
threaded portion 31 of the metallic shell 30, A denotes the outer 
diameter of the front end face 37 and B denotes the inner diameter 
of the front end face 37, a spark plug of 12.00 irni in the nominal 
diameter M of the externally threaded portion 31 is, for exan5>le, 
10.10 nm in the outer diameter A of the front end face 37. In 
this djistance, if the inner diameter B is 7.20 nm, the welded 
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portion 16c can be sized to be 1.30 nm in the maximum thickness 
tl and 2 . 70 mn in the maximum width LI . In the meantiine, as shown 
in Fig. lOB, a clearance 24a is provided between the inner 
circumferential siirface of the metallic shell 30 and the outer 
5 circumferential surface of an insulator front end portion 24. 

Herein , as a means for iirproving the resistance to 
consurt^tion of the ground electrode 16, it is considered to expand 
the maximum width LI of the ground electrode 16 and thereby make 
larger the area of a side surface portion 16g facing the center 

10 electrode 12. Further, as a means for making the strength of the 
ground electrode 16 higher, it is considered to make the maximum 
thickness tl thicker and thereby make the rigidity of the ground 
electrode 16 higher. 

However, if the maximum width LI of the ground electrode 

15 16 is made wider and the maximum thickness tl is made thicker, 
the side sixrface 16a including the side surface portion 16g facing 
the center electrode 12 protrudes frcxn the inner circumferential 
periphery 37b of the front end face 37 , and the opposite end comer 
portions 16e of the side surface 16b opposite to the side surface 

20 16a protrude frcxn the outer circumferential periphery 37a of the 
front end face 37 as shown in Fig. IIB. To eliitojiate such 
protrusion, it is necessary to make the metallic shell 30 thicker 
and thereby make the area of the front end face 37 larger. In 
this connection, the width of the front end face 37 can be made 

25 larger by making the outer diameter A of the end face 37 large 
or the inner diameter B smaller. However, increase of the outer 
diameter A inevitably results in increase of the nominal diameter 
M of the externally threaded portion 31 of the metallic shell 30 . 
This disables attachment of the spark plug to the cylinder head, 

30 so the outer diameter A cannot be made larger. 

If the inner diameter B is reduced, as shown in Fig. IIC, 
frOTi the position indicated by 37b to the position indicated by 
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37c, the clearance 24a between the inner circumferential surface 
of the metallic shell 37 and the insulator front end portion 24 
will inevitably reduce. By this, sideway jun5>ing of spark due 
to adherence of carbon onto the surface of the insulator front 
5 end portion 24 is liable to be caused, thus causing a problem that 
the ignition ability is lowered. 

It is accordingly an object of the present invention to 
provide a spark plug for internal combiistion engines v*iich can 
improve the resistance to electrode consumption and the strength 

10 of the ground electrode without changing the inner and outer 
diameters of the end face of the metallic shell. 

To acccfrplish the above object , the present invention 
provides a spark plug for an internal combvistion engine comprising 
a metallic shell having an externally threaded portion, an 

15 insulator disposed in the metallic shell and having an axial bore, 
a center electrode disposed in the axial bore of the insulator, 
and a ground electrode connected to a front end face of the 
metallic shell and having an end opposite to an front end face 
of the center electrode, vrtierein a cross section of the ground 

20 electrode is so shaped as to provide a side surface at one of 
opposite sides v^ch faces an outer circumferential periphery of 
the front end face of the metal lie shell , with a narrower central 
side suarface section than that of a side surface at the other of 
the opposite sides, the central side surface section at one of 

25 the opposite sides being parallely opposite to the central side 
surface section at the other of the opposite sides. 

BRIEF DESCRTPTIQN OF THE DRAWINGS 
Fig . 1 is a partly sectional side elevation of a spark plug 
according to an embodiment of the present invention; 

30 Fig. 2A is an enlarged fragmentary side elevation of the 

spark plug of Fig. 1; 
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Fig. 2B is a view taken in the direction indicated by the 
arrow 2B in Fig. 2A; 

Fig. 2C is a view taken in the direction Indicated by the 
arrow 2C in Fig. 2A; 
5 Fig . 3A is an enlarged view for illustrating a cross section 

of a welded portion of a ground electrode of the spark plug of 
Fig. 1; 

Fig. 3B is an enlarged view of the cross section of the 
welded portion of Fig. 3A; 
10 Fig. 4 is a graph showing the durability test result by the 

experiment 1; 

Fig. 5 is a graph showing a natural frequency measur^nent 
result by experiment 2; 

Fig. 6 is a graph showing a sideway junping occurrence test 
15 resiilt by experiment 3; 

Fig. 7A is a view similar to Fig. 3A but shows a second 
embodiment of the present invention; 

Fig. 73 is an enlarged view of the cross section of the 
welded portion of Fig. 7A; 
20 Fig. 8A is a schematic view for illustrating the position 

of the welded portion of Fig. 7A; 

Fig. 8B is an illustration for obtaining an expression of 
a relation between the thickness tl and the width L4 of the welded 
portion of Fig. 7A; 
25 Fig. 9A is a view similar to Fig. 3A but shows a third 

embodiment of the present invention; 

Fig. 9B is an enlarged view of the cross sectional shape 
of the welded portion of Fig. 9A; 

Figs. lOA to IOC are views similar to Figs. 2A to 2C but 
30 show a spark plug having a probl^ to be solved by the present 
invention; and 
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Figs . IIA to lie are views of various cross sectional shapes 
for a welded portion of a ground electrode of a spark plug 
according to a related art. 

DESC3^IPTI0N OF THE PREFERRED EMBODIMENTS 
5 Referring first to Fig. 1 v^erein like parts and portions 

to those of Figs. lOA to IOC and llA to IIC are designated like 
reference characters, a spark plug for an internal combustion 
engine is generally indicated by 10 and includes an insulator 20 
made of alumina. The insulator 20 has a corrugated rear end 

10 portion 22 and a front end portion 24. The insulator 20 has a 
concentric axial bore 26 extending along the center axis 18 
thereof . Within the axial bore 26 and on the rear end side thereof 
is disposed a terminal 13 v*iose rear end protrudes from the rear 
end of the corrugated portion 22. Within the axial bore 26 and 

15 on the front end side thereof is disposed a center electrode 12, 
whi 1ft disposing a glass resistance 11 between the center electrode 
12 and the terminal 13. The center electrode 12 is made of an 
alloy containing nickel as a major constituent and is rod- shaped. 
A front end of the center electrode 12 protrudes from the insiiLator 

20 front end portion 24. 

The front end portion 24 of the insulator 20 is disposed 
within the tubular metallic shell 30 . The metallic shell 30 has 
on a front end side outer circumferential surface thereof an 
externally threaded potion 31 v4iic±i is screwed into an internally 

25 threaded portion (not shown) of a cylinder head. To a front end 
face 37 of the metallic shell 30 is welded a ground electrode 116 
v^iich is nearly L- shaped. A tip end of the ground electrode 116 
is adapted to face the center electrode 12 so as to form a spark 
gap 17 therebetween. On the rear side of the externally threaded 

30 portion 31 , the metallic shell 30 has a seat portion 35 vdiich is 
formed on the outer circumferential surface thereof . Onto a rear 
side end neck section 36 of the externally threaded portion 31 
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is fitted a gasket 40. On the rear end side of the metallic shell 
30, the metallic shell 30 has a hexagonal portion 33 vSiose outer 
peripheral surface is shaped similarly to that of a hexagoncil nut . 
To the hexagoncil portion 33 is attached a plug v/rench or the like 
5 tool for screwing the externally threaded portion 31 into the 
internally threaded portion of the cylinder head. 

Referring now to Figs . 2A-2C and 3A-3B, the ground electrode 
116 has a welded portion 116c vrfiich has such a cross section as 
shown in Figs. 3A and 3B. Namely, the cross section of the welded 

10 portion 116c is polygonal and has six comers Rl to R6. The cross 
section has a pair of opposite sides one of vAiich corresponds to 
the side surface 116b of the ground electrode 116 and faces an 
outer circumferential periphery 37a of the front end face 37 of 
the metallic shell 30 . The side corresponding to the side surface 

15 116b ranges from the comer Rl to the comer R4 . The side siirf ace 
116b is shaped so as to expand or protrude outward and contact 
or coincide at the comers Rl and R4 with the outer circumferential 
periphery 37a of the front end face 37 as shown in Fig. 3A. Namely, 
the side surface 116b has a central side surface section (i.e. , 

20 a surface section between the comers R2 and R3) of the width L6 
and parallely opposite to a central side surface section of the 
side surface 116a and a pair of oblique side surface sections 
(i.e., a surface section between the comers Rl and R2 and a 
surface section between the comers R3 and R4) at the opposite 

25 ends of the central side surface section. The side surface 116a 
of the ground electrode 116 includes a side surface portion 116g 
facing the front end face of the center electrode 12. The side 
siarface 116a ranges frcxn the comer R5 to the comer R6. Namely, 
the side surface 116a-has the aforementioned central side surface 

30 section and a pair of rounded side siirf ace sections at the opposite 
ends of the central side surface section. 
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The side surface 116b is thus shaped to have a naixower 
central side surface section as ccnpared with that of the side 
surface 116a. Namely, the cross section of the groimd electrode 
116 is so shaped as to provide the side surface 116b at one of 
5 opposites sides vAiich faces the outer cixcuntferential periphery 
37a of the front end face 37 of the metallic shell 30, with a 
narrower central side sxorface section than that of the side 
surface 116a at the other of the opposite sides. In other words, 
the side of the cross section corresponding to the side surface 
10 116b is so shaped as to provide a trapezoidal part of the polygonal 
cross section. 

The width of the side surface 116d, i.e., the minimum 
thickness t3 of the welded portion 116c is smaller than the maxlimmi 
thickness tl (i.e., l.Snm) of the corresponding ground electrode 

15 of the related art by 0.10 itm, i.e. , t3 is 1.20 ixm, and the maximum 
thickness t4 is larger than the minimum thickness tl (i.e. , 1.3 
inn) of the corresponding ground electrode of the related art by 
0.10 irni, i.e., t4 is 1.40 nm. 

The maximum width L6 of the welded portion 116c is 2 . 90 itm 

20 and is larger than the maximum width LI of the welded portion 16c 
of the groijnd electrode 16 of the related art by 0 . 20 nin. Further, 
the width L5 of the central side surface section of the side 
surface 116b is 1.40 nm. By this, it becomes possible to make 
the maximum width L6 and the maximum thickness t4 of the ground 

25 electrode 116 larger than those of the corresponding ground 
electrode 16 of the related art. 

In this manner, the spark plug for the internal combustion 
engine according to the first embodiment can make the maximum 
width of the ground electrode 116 larger without causing the 

30 welded portion 116c of the ground electrode 116 to project from 
the front end face 37 of the metallic shell 30. In this 
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connection, it is to be noted that the ground electrode 116 is 
nearly uniform in cross section. 

Accordingly, the width of the side surface portion 11 6g 
facing the front end face of the center electrode 12 can be larger 
than that of the corresponding ground electrode 16 of the related 
art , thus making it possible to decrease the electrode consurrption 
due to spark discharge and allow the ground electrode 116 to have 
an improved resistance to electrode consunnption. 

Further, since it is not necessary to make the inner 
diameter B of the metallic shell 30 smaller for thereby maJcing 
the area of the front end face 37 larger, there never occurs a 
latercLL or sideway jxjirping of spark v*iich is caused by decrease 
of the clearance 24a (refer to Fig. lOB) between the inner 
circumferential siorface of the metallic shell 30 and the outer 
circumferential surface of the insulator front end portion 24. 

Further , since the maximum thickness t4 of the ground 
electrode 116 can be made larger than that of the ground electrode 
of the related art, the strength of the ground electrode 116 can 
be made larger. 

Further, by making the width and the thickness of the ground 
electrode larger, the volume of the ground electrode 116 can be 
increased. By this, the heat of the ground electrode 116 can be 
conducted to the metallic shell 30 more easily. Namely, the ground 
electrode 116 can be cooled with an in5)roved efficiency. Thus, 
the oxidation of the ground electrode 116 due to heating can be 
decreased and therefore deterioration of the durability of the 
ground electrode 116 due to oxidation thereof can be suppressed 
or prevented. 

Referring to Figs . 4 to 6 , the experiments conducted by the 
applicant will be described. 
[Experiment 1] 
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Fixstly, the durability test will be described with 
reference to Fig. 4. 

For the diorability test , an exanple of the related art shown 
in Fig. IIA and an exanple of this invention shown in Figs. 3A 
5 and 3B were iised. In the meantime, both of the examples accorxlLng 
to the related art and the present invention are 12 nm in the 
nominal diameter M and both have the same structure except for 
the ground electrodes thereof. 

In the durability test, the spark plug was attached to a 
10 1.6-L engine and the spark gap 17 was measured after 300 cycles 
of operation of the engine, each cycle being 60 minutes ' operation 
and consisting of three minutes' idling, 10 minutes' operation 
at the output of 30 ps (horse power) and at the engine speed of 
4,400 rpm, 15 minutes' operation at the output of 70 ps and at 
15 the engine speed of 6,400 rpm, 5 minutes' idling, 12 minutes' 
m operation at the output of 19 ps and at the engine speed of 3,800 

f rpm, and 15 minutes' operation at the output of 50 ps and at the 

i'=ij engine speed of 5,600 rpm. In the meantime, the horse power was 

converted to that attained dirring running of a vehicle on which 
20 the engine is installed. 
1=1 The test result is shown in the graph of Fig. 4, As seen 

from the graph, the spark gap 17 of the example of the related 
art was about 1.05 inn. In contrast to this, the spark gap 17 of 
the exan^le of this invention was about 0.95 nm. Thus, the spark 
25 gap of the example of this invention was 0 . 1 mn smaller than that 
of the exanple of the related art. 

Thus, by this experiment, it was verified that the 
consumption of the ground electrode of the spark plug of this 
invention was smaller than that of the spark plug of the related 
30 art and therefore the ground electrode of the spark plug of this 
invention was more resistant to consurrption due to spark discharge 
than that of the spark plug of the related art. 
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[Experiment 2] 

The ground electrode 116 is nearly L- shaped as shown In Fig. 
1 and is therefore caused to vibrate or swing about the base 
portion 116f . By this vibration, tensile stress and compressive 
stress are alternately applied to the base portion 116f of the 
ground electrode 116. Particularly, those stresses are applied 
much more to the inner side of the base portion 116f . Continued 
application of such stresses may possibly cause a crack in the 
base portion 116f of the ground electrode 116, and the progress 
of such a crack may possibly cause the ground electrode 116 to 
be broken. 

Thus , measurement of the natural frequencies of the exan^le 
of the related art shown in Fig. IIA and the example of this 
invention shown in Figs . 3A and 3B was made . The result is shown 
in Fig. 5. In the meantime, both of the exaii?)les used were 12 
inn in the nominal diameter M of the metal lie shell 30 and had the 
same structure except for the ground electrodes. 

As shown in Fig. 5, the natural frequency of the ground 
electrode 16 of the exair^le of the related art was 14.0 KHz and 
the natural frequency of the ground electrode 116 of the exaiiple 
of this invention was 14.4 KHz. Therefore, the natural frequency 
of the exanple of this invention was 0 . 4 KHz higher than that of 
the exan5)le of the related art. 

Thus , it was verified that the groxand electrode of the spark 
plug of this invention was higher in the rigidity and smaller in 
the amplitude than that of the spark plug of the related art , and 
therefore more hard to cause a crack and higher in the durability. 
[Experiment 3] 

Then, the experiment was conducted on the sideway jurnping 
of spark. 
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In the experiment, an exan5)le of the related art shown in 
Fig. lie, an unmodified exaiT^)le shown in Fig. IIC and an exait5)le 
of this invention shown in Fig. 3A were used. 

The test result is shown in Fig. 6. As shown in Fig. 6, 
5 on the basis of the applied voltage at the time sideway jumping 
of spark occurred in the example of the related art , the unmodified 
example caused a sideway j\3mping of spark at the applied voltage 
\i^ch was 1 . 3 kV smaller than that in the example of the related 
art. In contrast to this, the example of this invention caused 
10 a sideway jumping of spark at the same applied voltage with the 
exanple of the related art. 

Namely, it was verified that the example of this invention 
does not cause the applied voltage at vdiich a sideway jtimping of 
J] spark occurs, to become lower than that in the example of the 

15 related art since in the exaiT?)le of this invention it was 
iil unnecessary to modify the clearance 24a between the inner 

circumferential siirface of the metallic shell 30 and the outer 
circumferential surface of the insiiLator front end portion 24. 
1^'^ Referring to Figs . 7A and 7B in which like parts and portions 

20 to those of the first embodiment will be designated by reference 
Cl characters, a spark plug according to a second embodiment will 

be described. 

In this embodiment, the welded portion 216c of the ground 
electrode 216 has such a cross section that includes a first pair 

25 of comers R5 and R6 at the opposite ends of the side surface 216a 
and a second pair of comers R7 and R8 at the opposite ends of 
the side surface 216b opposite to the side surface 216a. Further, 
the second pair of comers R7 and R8 are rounded and defined by 
a radius larger than that for the first pair of comers R5 and 

30 R6. Namely, the side surface 216b has a central side surface 
section \^ch is of the width L3 and v*iich is narrower than that 
of the side siurface 216a, By this, the maximum width L4 can be 
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made larger without causing the comers R7 and R8 to project 
outward from the front end face 37. 

The maxinrum width L4 of the ground electrode 216 is 3.10 
irm and is therefore 0 . 40 itm larger than the maxiinum width LI (i.e. , 
5 2 . 70 ran) . Further, the maximum thickness tl of the welded portion 
216c is the same with that of the welded portion 16c of the related 
art shown in Fig. IIA, i.e., tl is 1.30 mm. 

In this manner, the spark plug according to the second 
^ribodiment is constructed so that the radius of the comers R7 

10 and R8 at the opposite ends of the side surface 216b are larger 
than that of the comers R5 and R6 at the opposite ends of the 
side surface 216a, vdiereby it becomes possible to make the maxinrum 
width L4 larger without causing the welded portion 216c to project 
outward from the front end face 37 of the metallic shell 30. 

15 This embodiment can produce substantially the same effect 

as the first embodiment. 

Referring to Figs . 9A and 9B v^erein like parts and portions 
to those of the first embodiment will be designated by like 
reference characters , a spark plug according to a third embodiment 

20 will be described. 

In the this embodiment, the welded portion 316c has such 
a cross section that includes the comers R5 and R6 at the opposite 
ends of the side representing the side surface 316a, and a pair 
of comers R9 and Rll at the opposite ends of the side representing 

25 the side surface 316b opposite to the side surface 316a. The side 
representing the side surface 316b is formed into a circular arc 
RIO. Namely, the side surface 316b is curved outward so as to 
coincide with the outer circumferential periphery 37a of the front 
end face 37. Further, the width of the side surface 316d of the 

30 welded portion 316c, i.e. , the minimum thickness t3 of the welded 
portion 316c is 0.10 mm smaller than the maximum thickness tl 
(i.e. , 1.30 rrni) of the prior art spark plug, i.e. , t3 is 1.20 mm. 
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The maximum thickness t4 is 0.10 ram thicker than the maximum 
thickness tl of the spark plug of the related art, i.e., t4 is 
1.40 mm. 

By this, it becomes possible to make the maximum width L6 
and the maximum thickness t4 of the ground electrode 316 larger 
than those of the spark plug of the related art without causing 
the comers R9 and Rll to project from the front end face 37 of 
the metallic shell 30, The maxirmjm width L6 of the ground 
electrode 316 is 2.90 mm and is 0.20 mm larger than the maximum 
width LI (i.e., 2.70 mn) of the groiond electrode of the related 
art. 

This embodiment can produce substantially the same effect 
as the fixst embodiment. 

Referring to Figs. 8A and 8B, by taking the spark plug of 
the second embodiment, an expression representative of the 
relation between the maximum thickness tl and the maximum width 
L4 of the ground electrode 216 is obtained. 

From Fig. 8B, the following expression (1) can be derived. 

(L4/2)^ + {tl + (B/2)}' = (A/2)' (1) 

Accordingly, frcxn the expression (1), the following 
expression (2) for obtaining the maximum width L4 is derived. 
L4 = 2[(A/2)" - {(B/2) + tl}"]'^' (2) 

Further, by the calculation made by the applicant, it was 
found that the width and the thickness of the ground electrode 
16 could be increased without causing the welded portion 14 to 
project f rxxn the front end face 37 by setting the maximum thickness 
tl so as to satisfy the following expression ( 3 ) , by setting the 
maximum width L4 so as to satisfy the following expression (4), 
and by setting the outer diameter A so as to satisfy the following 
expression ( 5 ) . 

(A - B)/3 < tl ^ (A - B)/2 (3) 
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2[(A/2)' - {(B/2) + tl}^]"'" < L4 < 3[(A/2)' - {(B/2) 
+ tl}"]'^' -(4) 

(M - 1.7P) ^ A < (M - 1.5P) "-(5) 
5 v*iere±n M is t±ie ncxninal diametei: of the externally threaded 

portion 31 of the metallic shell 30 and P is the pitch of 
externally threaded portion 31. 

In the raeantime, the spark plug of the kind of 8.00 nm in 
the nccninal diameter M of the externally threaded portion is 

10 sized, for example, such that the outer diameter A is 6.50 mn, 
the inner diameter B is 4,60 mn, and the pitch P is 1.00 mm. The 
spark plug of the kind of 10.00 itm in the nominal diameter M of 
the externally threaded portion is sized, for exairple, such that 
the outer diameter A is 8.45 nm, the inner diameter B is 6.00 mm, 

15 and the pitch P is 1.00 irm. The spark plug of the kind of 12.00 
nm in the ncxninal diameter M of the externally threaded portion 
is sized, for exan^jle, such that the outer diameter A is 10.10 
mm, the inner diameter B is 7.20 nm, and the pitch P is 1.25 nm. 
The spark plug of the kind of 14.00 nm in the nominal diameter 

20 M of the externally threaded portion is sized, for example, such 
that the outer diameter A is 12.10 nm, the inner diameter B is 
8.40 nm, and the pitch P is 1.25 nm. 

Although the invention has been described above by 
reference to certain embodiments of the invention, the invention 

25 is not limited to the embodiinents described- above. Modifications 
and variations of the embodiments described above vnLll occur to 
those skilled in the art, in light of the above teachings. For 
example, the structure of the spark plug having been described 
and shown is not for the purpose of limitation but the invention 

30 can be applied to various spark plugs having various structures . 

The scope of the invention is defined with reference to the 
following claims. 
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